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Abstract
Construction of a durable bituminous pavements requires high quality materials such as e.g. polymer modified bitumen (PMB)
with extended viscoelastic properties. The main objective of this paper is to analyse the influence of microstructure of PMB on
their high temperature viscoelastic properties and to assess appropriate modifier content. The multiple stress creep recovery
(MSCR) procedure tests were conducted to evaluate viscoelastic properties together with fluorescent microscopy used to examine
the microstructure of binders.
Based on a conventional tests (penetration, softening point, elastic recovery and Fraass breaking point) as well as recovery and 
non-recoverable creep compliance obtained from MSCR test, amount of an appropriate modifier content was analysed. It was 
concluded, that although bituminous binders complies with European specification requirements, they are significantly different 
in terms of their morphology and rheological properties due to the dispersed polymer phase and polymer content. It was found 
that PMBs within the same hardness group exhibit different high temperature properties. Correlation between polymer phase area 
and empirical curve from MSCR test for asses proper polymer content was established.
© 2015 The Authors. Published by Elsevier B.V.
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1. Introduction
Polymer modification of bitumen is one of the methods to improve the viscoelastic properties of binders. When it 
is used as bitumen modifiers, polymers should be compatible with bitumen, resistant to degradation at asphalt 
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mixing temperatures and to be cost efficient [1,2]. To determine behavior of polymer modified bitumen, properties 
of bitumen, polymer and interaction taking place in the dispersed polymer-bitumen system should be investigated 
[3]. Methods of visual assessment of the microstructure of polymer modified bitumen based on fluorescence 
microscopy and image analysis tools allow to find some anomalies during production and storage of the binder [4].
Nowadays there is no strict relationship between polymer dispersed phase in bitumen and standard properties 
according to the European or Superpave specifications. Moreover, some difficulties with quality assessment of 
polymer modified bitumen has been found over the last few years [5]. As it is stated in [6,7], the paramHWHU*VLQį
is overwhelmingly dependent on the stiffness modulus value and in much lesser extent depends on the value of the 
phase angle. While the properties of bitumen modified with elastomers (e.g. SBS type) advantages over traditional 
road bitumens in an increase of the elasticity (that is not dependent on the stiffness of the binders), it is strongly 
dependent on the value of phase angle. In response to the verification of the requirements of Superpave to adapt 
them to changing material modification trends and with take into account the nature of the traffic, the new Superpave 
requirements introduced the test method of multiple stress creep recovery (MSCR) [8]. In according to European 
practice [9,10], multiple stress creep recovery test is the new testing method still without Standard connection [11].
2. Materials and testing methods
2.1. Materials
Binder samples used in this study were obtained from asphalt plants located in north-east, central, south and 
south-west parts of Poland. Two types of polymer modified bitumens (PMB 25/55-60 and PMB 45/80-55) from two 
binder producers, were acquired - five samples of each PMB types. Each sample was obtained according to EN 58 
(Bitumen and Bituminous Binders - Sampling Bituminous Binders) specification during binder unloading when 
transported to the asphalt mixture plant. Modified binders produced in Poland are achieved from Russian crude oil 
and modified with SBS polymer. It has to be noted, that according to the European requirements, bituminous 
producers providing PMB does not have to characterize content of the polymer used for modification.
2.2. Conventional testing methods
All binders in this study were tested with conventional classification tests such as penetration at 25°C according 
to EN 1426, softening point according to EN 1427 and elastic recovery according to EN 13398. Conventional 
properties of polymer modified bitumen were obtained for non-aged binders. Multiple stress creep recovery 
(MSCR) tests were conducted using DRS rheometer in according to AASHTO TP 70 for short-term aged binders by 
RTFO procedure. Morphology of polymer modified bitumen was observed by optical microscope equipped with UV 
devise and PlanFluor lens dedicated for fluorescence microscopy. Image was analyzed using ImageJ computer 
program. Standard properties of modified binders were evaluated according to EN 14023:2010 specifications (with 
Polish normative appendix NA).
2.3. Multiple stress creep recovery test method (MSCR)
Multiple stress creep recovery (MSCR) shall be carried out in dynamic shear rheometer (DSR), using the 
measuring system parallel plates with a diameter of 25 mm and 1 mm gap in accordance to the procedure described 
in the AASHTO TP 70 [5]. The test procedure requires the repeated shear load per one second at constant stress
applied to the bitumen sample after RTFO. Each load cycle is followed by a 9-second relaxation of material. Single 
cycle lasts 10 seconds and is repeated ten times on the 0.1 kPa and 3,2 kPa stress level. In each cycle of creep and 
relaxation, the strain change is recorded in the first and tenth of a second. Deformation analysis during the cycle can 
be separated for the elastic deformation (recoverable) and permanent deformation (non-recoverable) phases.
The result of the MSCR test is the percentage average elastic recovery (R), calculated according to the formula 
(1) and (2) and non-recoverable creep compliance Jnr calculated according to the formula (3) and (4).
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In those formulas the following symbols are used: Ĳ – stress, N – number of cycles, –strain increment after 
the first second cycle (at the end of the phase of creep), – strain increment after the 10 second cycle (at the end
of the relaxation phase).
The average percentage of elastic deformation R specifies the elastic properties of binders [6], and non-
recoverable creep compliance Jnr specifies the permanent deformation sensitivity of the material. The increasing of 
Jnr value affects decrease resistance to permanent deformation [8,9,10].
2.4. Fluorescent microscopy
Visual assessment of polymer dispersion in bitumen binders was performed using a fluorescent microscopy. 
When illuminating a sample of modified bitumen with UV light, there is a visible difference in the luminescence of 
the polymer phase (yellow colour) and the bitumen phase (black colour). In order to quantitatively characterize the 
microstructure of polymer modified bitumen, microscope images were recorded and transformed to a binary images. 
Before the transformation, colour image was reduced to 256 grey values. The grey image was filtered using median 
filter to remove unnecessary details and noise. In order to unify conditions of binarisation process, shadow 
correction and normalisation of histogram were conducted. The pictures were subjected to transformation to binary 
images and quantitative analysis.
3. Tests results 
3.1. Basic properties
During this study basic classification and advanced rheological test were conducted on different samples of 
modified binders to compare the repeatability of properties of binders from Polish market. Results of binder 
penetration tests conducted at 25°C, softening point temperature by R&B method, Fraass breaking point and elastic 
recovery are shown in Table 1 for 25/55-60 and in Table 2 for 45/80-55 polymer modified bitumen.
Table 1. Basic properties of 25/55-60 polymer modified bitumen
Sample of PMB
binder
Penetration at 
25°C [0,1 mm]
Softening point 
temperature by 
R&B [°C]
Fraass breaking 
temperature [°C]
Elastic 
recovery
[%]
Requirements 25 ÷ 55  60  -10  50
25/55-60_1 33 64,8 -11 68
25/55-60_2 36 66,2 -16 82
25/55-60_3 25 69,6 -17 75
25/55-60_4 32 59,4 -10 81
25/55-60_5 41 60,8 -22 76
min value 25 59,4 -22 68
max value 41 69,6 -10 82
SD 5,47 3,72 4,35 5,30
ܴ = σ ߳ݎ
101 (߬,ܰ)
10  
ߝݎ =  (ߝ1 െ ߝ10) ή 100/ߝ1 
 ܬ݊ݎ =
σ ܬ݊ݎ101 (߬,ܰ)
10  
ܬ݊ݎ (߬,ܰ) =  ߝ10/߬ 
ߝ1 
ߝ10  
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Table 2. Basic properties of 45/80-55 polymer modified bitumen
Sample of PMB
binder
Penetration at 
25°C [0,1 mm]
Softening point 
temperature by 
R&B [°C]
Fraass breaking 
temperature [°C]
Elastic 
recovery 
[%]
Requirements 45 ÷ 80  55  -12  50
45/80-55_1 46 58,0 -14 77
45/80-55_2 49 56,2 -11 79
45/80-55_3 53 62,0 -18 84
45/80-55_4 46 56,4 -11 62
45/80-55_5 56 62,0 -15 86
min value 46 56,2 -18 62
max value 56 62,0 -11 86
SD 3,67 2,62 2,64 8,63
It can be noticed, that for the same binder type (for 25/55-60 or for 45/80-55) results of penetration and softening 
point are diversified but except one case for 25/55-60 sample, binders met requirements.
For analysed binders large diversification of test results was recognized in Fraass breaking point with a 
differences of up to 10°C and in elastic recovery over 20%. According to the Polish specifications (Appendix NA 
for EN 14023), for the polymer modified bitumen the required values are: 50% for elastic recovery and -10°C or -
12°C for breaking point for PMB 25/55-60 and PMB 45/80-55 respectively. This fact shows differences between 
similar types of binders.
3.2. Assessment of multiple stress creep recovery and elastic recovery
Large diversification of test results of polymer modified bitumens in classification tests according to European 
Standards demonstrated difficulties in the proper evaluation of the polymer modified bitumen and, in particular, the 
contents of the polymer.
Fig. 1. Relationship between elastic recovery R and the Jnr parameter at 3,2 kPa stress level for PMB 25/55-60 and PMB 45/80-55 at 64°C.
Fig. 2. Relationship between elastic recovery R and the Jnr parameter at 3,2 kPa stress level for PMB 25/55-60 and PMB 45/80-55 at 70°C.
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The MSCR test method allows to assess an appropriate level of polymer modifier of bitumen based on the elastic 
recovery R (from MSCR) with respect to the non-recoverable creep compliance Jnr of the binders and to the traffic
load. Figures 1 and 2 shows test results for PMB 25/55-60 and PMB 45/80-55, respectively, depending on the elastic 
recovery and the Jnr parameter from MSCR test with 3,2 kPa stress level. A straight line with dots shown in figures 1
and 2 presents the empirical, reference curve for proper polymer content in bitumen. Results located over the 
reference curve indicate the proper amount of polymer [7].
On the basis of an analysis of the test results obtained from the MSCR test, some of the modified binders are 
located below the curve. For PMB 45/80-55 sixty percent of tested binders are located below the reference curve, 
which proves that they contain incorrect (to small) amount of polymer. Analysis of the results of non-recoverable 
creep compliance Jnr shows higher stiffness of the binder from group PMB 25/55-60. For most of those binders non-
recoverable creep compliance not exceeded 0.6 kPa-1 value. It can be noticed, that in spite of the incorrect level of 
polymer modification, most binders complies the requirements of the EN standards.
3.3. Microstructural assessment of polymer dispersion in bitumen
Standard and rheological properties of analyzed binders shown wide diversification of properties. 
Photomicrographs obtained from fluorescent microscopy, shown on Fig. 3 and Fig. 4, also presents large variations 
in dispersed polymer microstructure. All of tested binders passed standard requirements, especially softening point 
temperature and elastic recovery, what indicates the proper polymer content in modified bitumen in reference to 
European Standard.
In order to better understand the influence of polymer dispersion onto rheological behavior of the binder, polymer 
area was calculated based on the image analysis technique (Table 3).
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Fig. 3. Microstructure of polymer modified bitumen 25/55-60 from UV microscope.
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Fig. 4. Microstructure of polymer modified bitumen 45/80-55 from UV microscope.
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Table 3. Polymer area of 25/55-60 and 45/80-55 polymer modified bitumen
Sample of PMB
binder Polymer area [%]
Sample of PMB
binder Polymer area [%]
25/55-60_1 24,3 45/80-55_1 19,0
25/55-60_2 23,4 45/80-55_2 11,8
25/55-60_3 20,3 45/80-55_3 26,0
25/55-60_4 16,9 45/80-55_4 11,8
25/55-60_5 17,7 45/80-55_5 24,5
mean 20,5 mean 18,6
min value 16,9 min value 11,8
max value 24,3 max value 26,0
Binders both from 25/55-60 and 45/80-55 types belong to the medium polymer modified bitumen and 
characterized by 24% to 26% average polymer area. It can be noticed that binders 4 and 5 from 25/55-60 group and 
binders 2 and 4 from 45/80-55 group have lower polymer area approximately from 11% to 17%. Those binders 
present bright fluorescent excitation and microstructural polymer dispersion, typical for physically stable mixtures.
4. Analysis and results discussion
In order to compare methods applied to evaluate elasticity of modified binder, correlation between elastic 
recovery from ductility and elastic recovery from MSCR test is presented on Figure 5. Based on those results, no 
correlation can be observed for both the 64°C and 70°C tests temperatures (R2<0,35).
Fig. 5. Relationship between elastic recovery from ductility and elastic recovery from MSCR.
a) b)
Fig. 6. Relationship between elasticity and polymer area: a) elastic recovery from ductility, b) elastic recovery from MSCR.
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Elastic recovery (R3,2) obtained from MSCR test allows to assess an appropriate level of polymer and is the part 
of Superpave specification, while the elastic recovery (RE) obtained from ductility is the basis of European 
Specification for polymer modified bitumen. Figures 6 in part a) and b) show dependence between polymer area of 
dispersed polymer and elastic recovery (RE) and R3,2 of polymer modified bitumen. Results of RE (Fig. 6 a) have 
shown no correlation with polymer area what is correspond to the same relationship to results presented in Fig. 5.
Definitely, a different relationship occurs between RE obtained from MSCR tests. On the basis of an analysis of the 
test results presented on Fig. 6 b, there is a correlation (R² > 0,7; power function: R3,2 = a·/polymer area/b) between
polymer area and elastic recovery (R3,2) of the binder.
5. Conclusions
Based on the tests conducted and analysis of the polymer modified bitumen, the following conclusions can be 
drawn:
1. Tested bituminous binders exhibit large diversification of test results, but, except few cases, meet all of the 
current European requirements.
2. All of the tested modified binders exhibit over 50% value of the elastic recovery obtained from ductility test,
but only half of tested modified binders exhibit relevant polymer content in accordance to MSCR test method.
3. Polymer modified bitumens are characterized by high variability of structure of dispersed polymer phase.
Polymer area is a one of the simple parameters allows to characterize microstructure of polymer modified bitumen 
and correlate to elastic recovery from the MSCR test.
4. Multiple stress creep recovery method connected with fluorescent microscopy allows for assessment of 
appropriate amount of elastomer used for modification and to eliminate binder with weak elastic properties.
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